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Peter Higgs & Frangois Englert
October 8", 2013
Nobel Prize in Physics

AYAAAS

Discovery of Higgs boson  2012: Higgs mechanism explains Higgs Property Measurement
Phys. Lett. B 716 (2012) 1-29  the mass origin of SM particles

Phys. Lett. B 716 (2012) 30-61 ] .. . Nature 607, 52-59 (2022)
Science 338 (2012) 1569-1575 2013+ Nobel Prize in Physics Nature 607, 60-68 (2022)
Science 338 (2012) 1576-1582 3
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¢ Higgs discovery to precision measurements
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New milestone afterl1 0 years of the Higgs discovery
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2 Particle Physics after the Higgs Discovery
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SM is a complete and self-consistent theory after the Higgs discovery.
But it doesn’t accommodate dark matter and dark energy @ New physics ?
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o

electromag. force

weak force

EM force: 9 Strong force:
Photon spin=1 Gluon spin=1

strong force

Weak force: Gravity:
W/Z spin=1 Graviton spin=2

Gravitation

Higgs boson:

» Explains mass origin
» Only SM particle with spin 0
> A new force carrier
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= Higgs portal to DM

Higgs boson: a portal to new physics

=> Early Universe

Accelerators
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Circular Electron Positron Collider (CEPC)

O The CEPC was proposed by the Chinese HEP community in 2012 right after the Higgs
discovery. It aims to start operation in 2030s, as a Higgs / Z/ W factory.

O To produce Higgs / W/ Z /top for high precision Higgs, EW measurements, studies of flavor
physics & QCD, and probes of new physics beyond the SM.

Q Itis possible to upgrade to a pp collider (SppC) of /s ~ 100 TeV in the future.

Electron Ring

ete” Higgs/Z/W factory
Ring length ~ 100 km

RF Station

Potential CEPC Sites




CEPC Major Milestones

CEPC-SPPC Kickoff (2013.9)

CEPC

Conceptual Design Report
Conceptual Design Report

Volume | - Accelerator
Volume [l - Physics & Detector

arXiv: 1809.00285 arXiv: 1811.10545

The CEPC Study Group The CEPC Study Group
August 2018 Ot r 2018

Editorial Team: 43 people / 22 institutions/ 5 countries




CEPC Major Milestones

CEPC Accelerator TDR
released in December, 2023

‘ IHEP-CEPC-DR-2023-01
CEPC Accelerator TDR Review
June 12-16, 2023, Hong Kong (HEP-AC-2023°04

CEPC ——
Technical Design Report Distribution of CEPC PrOJeCt TDR

‘ ~ ‘ cost of 36.4B RMB (~4.6B Euro
CEPC Accelerator TDR Cost Review Accelerator ( )
Sept 11_15’ 2023, Hong Kong Table 12.1.2: CEPC project cost breakdown, (Unit: 100,000,000 yuan)
Total 364 100%
arXiv:2312.14363 ki e
1114 authors e 3 o
Experiments 40 11%
2 78 I n S t I t u tes Contingency (8%) 27 7.4%

(159 foreign institutes)
38 countries
1090 pages

® Project management

Domestic Civil Englneerlng
Cost Review, June 26, 2023, IHEP

® Accelerator

w Conventional facilities
m Gamma-ray sources

® Experiments

The CEPC Study Group
December 2023

» Contingency

ot CEPC IAC 2023 Meeting
Oct. 30-31, 2023, IHEP

10




cevl Global HEP Consensus on Higgs Factories

The scientific importance and strategical value of e*e Higgs factories is clearly identified.

P5 report, USA, 2023
2013, 2016: China Xiangshan Science Conference

concluded that CEPC is the best approach and a
major historical opportunity for the national
development of accelerator-based high-energy
physics program.

2017: Japan Association of High Energy Physicists Decipher Explore uminate

(JAHEP) proposes to construct A 250 GeV center it o L firord

of mass ILC promptly as a Higgs factory. s T b e oo
Reveal the Secrets of Pursue Quantum Imprints Understand What Drives
the Higgs Boson of New Phenomena Cosmic Evolution

2020: European Strategy for Particle Physics,

An electron-positron Higgs factory is the highest ~§3"'§3
priority next collider. For the longer term, the

European particle physics community has the
ambition to operate a proton-proton collider at the

Recommendation 6

Convene a targeted panel with broad membership across particle physics later this
decade that makes decisions on the US accelerator-based program at the time when
major decisions concerning an off-shore Higgs factory are expected, and/or significant
adjustments within the accelerator-based R&D portfolio are likely to be needed. A plan
for the Fermilab accelerator complex consistent with the long-term vision in this report
should also be reviewed.

The panel would consider the following:

2020 UPDATE OF THE EUROPEAN STRATEGY
FOR PARTICLE PHYSICS

by the European Strategy Group higheSt aChieVabIe energy-

2022, ICFA “reconfirmed the international
consensus on the importance of a Higgs factory as
the highest priority for realizing the scientific
goals of particle physics ”, and expressed support
for the above-mentioned Higgs factory proposals

1.The level and nature c‘f US contribution in a specific Higgs factodincluding an evaluation
of the associated schedule, budget, and risks once crucial information becomes available.

2.Mid- and large-scale test and demonstrator facilities in the accelerator and collider R&D
portfolios.

3.A plan for the evolution of the Fermilab accelerator complex consistent with the longterm
vision in this report, which may commence construction in the event of a more favorable
budget situation.

11



CEPC has strong advantages among mature
ete~ Higgs factories (design report delivered)

Versus FCC-ee

o Large tunnel cross section (ee & pp coexistence)
o Lower construction cost

e ) Comparison of Higgs factories: Circular vs Linear

10°E
F -a— FCC
= —e— CEPC
Y I -= - CEPC-Upgrade
(2]
o 102 ILC
g E ILC-Upgrade
P E —+— CLIC
= F -4- CLIC-Upgrade
- ‘
‘s 10—
o F
= £
e t
o=y +
- |

Luminosity per IP (10* em™s™)

Operation mode

VA

W

CEPC (TDR, 30 MW)

115

16

0.5

CEPC (TDR, 50 MW)

192

26.7

0.8

FCC-ee (FS MTR, 50 MW)

140

20

1.25

Versus Linear Colliders
o Earlier data: collisions expected in 2030s (vs. ~ 2040s) o Higher luminosity / precision for Higgs & Z

o Potential upgrade for pp collider
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CEPC Physics Program

« Measurements of Higgs, EW, flavor physics & QCD at unprecedented precision
- BSM physics (e.g. dark matter, EWPT, LLP, ...) up to ~ 10 TeV scale

possibly

Z WW  ZH tt

Number of events

J ]
X
[
=

Sx 10°

- / - 15 % 10°

a0

100

150

i . I '
200 250 300 350 <00

e rcev]

parkEnergy o

Operation mode ZH Z W+HW- tt
Vs [GeV] ~240 ~91 ~160 ~360

Run Time [years] 10 2 1 ~5

L / IP [x103* cm2s] 5.0 115 16 0.5

30 MW [ L dt [ab?, 2 IPs] 13 60 4.2 0.6
Event yields [2 IPs] | 2.6x10° | 2.5x10%% | 1.3x108 | 4x10°

L/ IP [x103%4 cm2s™] 8.3 192 26.7 0.8

50 MW [ Ldt[ab?t, 2 IPs] 22 100 6.9 1
Event yields [2 IPs] | 4.3x106 | 4.1x1012 | 2.1x108 | 6x10°

13
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CEPC: Higgs Properties

» CEPC has significantly better precision on Higgs properties than that of HL-LHC

i)
Higgs
Observable HL-LHC Projection | CEPC Precision
My 20 MeV 3 MeV
Iy 20% 1.7%
o (ZH) 4.2% 0.26%
B (H —bb)
B (H —cc) - 2.0%
B (H —>gg) - 0.81%
B(H —> WW) 2.8% 0.53%
B(H —>Z77) 2.9% 4.2%
B (H — t7) 2.9% 0.42%
B(H -y 2.6% 3.0%
B (H = ) 8.2% 6.4%
B (H —Zy) 20% 8.5%
Bupper (H — inv.) 2.5% 0.07%

Relative Error

Precision of Higgs coupling measurement (kappa0 fit)

m HL-LHC §1/82

u CEPC 240 GeV @ 20/ab / + 360 GeV @ 1/ab

Kz Ky

Precision of Higgs coupling measurement (kappa3 fit)

Kp KtlKe Kg Kw Ky

{Precision Higgs Physics at CEPC)
Chinese Physics C, 43 (2019) 043002

14
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CEPC: Electroweak Measurements

» CEPC has better EW precisions than current value by 1-2 order of magnitude

W, Z and Top
Observable | Current Precision | CEPC Precision
My 9 MeV 0.5 MeV
Ty 49 MeV 2 MeV
M,y 760 MeV O(10) MeV
M, 2.1 MeV 0.1 MeV
Iz 2.3 MeV 0.025 MeV
Ry 3x107 2 x10*
R, 1.7 x 1072 1 x 1073
Ry 2 x 107 1 x 10
R: 1.7 x 1072 1 x10*
Ay 1.5 x 107 3.5x 107
A 4.3 x 1073 7.0x 107
Ap 2 x 1072 2 x10*
Ny 2.5x1073 2 x 104

LEP combination
Phys. Rep. 532 (2013) 119

DO

PRL 108 (2012) 151804

CDF

Science 376 (2022) 6589

LHCb

JHEP 01 (2022) 036

ATLAS

arxiv:2403.15085, subm. to EPJC

CMS

This Work

CDF (2022) :80433.5 + 9.4 MeV
CMS(2024) :80360.2 + 9.9 MeV
SM Prediction : 80354 + 7 MeV

CMS Preliminary
L B L a—
my in MeV I

[ 80376 + 33 ;_|_._|' |
[ 80375 + 23 E_._< .
| 80433.5+ 9.4 : —
[ 80354 + 32 '_L_‘I |
- 80366.5 + 15.9 pl—.—| .
- 80360.2 + 9.9 |JI-.4 —— EW it -

P I | R R |
80300 80350 80400 80450
my (MeV)

Shots to prevent cancer she Visualizing a key stepin Silk-wrappf
early promise 5 126 cytokine signaling pp 1394163 Bl & Science
s15
. nce o
AYA

\ sz

W boson mass measures higher thal

for
Pri

ize p 146
2022
AAS

e
1z
n expected pp.125.13,& 170

» CEPC: expected W mass resolution < 1MeV
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Sensitivity on BR

CEPC: Flavor Physics

Tera-Z - B factory » bhadrons|  Belle I (50+5ab~1) _ |LHCb (300 fb~ )
B BY |54 x 1019 (50 ab—! on T(49)) 3 x 1013
+ - 10 f=y o1 —1 - ‘ 13 ¢ 11
Mode  LEP bound (95% CL) LHC bound (95% CL) CEPC/FCC-ce oo [t e o Tiday] a0 R
B, BY | 6.0 x 10% (5 ab~! on T(55)) 1 x 10" 3.1 x 1010
BR(Z — pe) 1.7x 1075 [2] 7.5x 1077 3] 107810719 BE : 1 x 1011 1.8 x 10°
) ) ‘ 13 0= 1(
BR(Z — re) 9.8x10°% [2] 5.0 %1076 [4, 5] 109 Ay, Ay - 2x10 25 %10
] _ c(e) 2.6 x10! > 1014 2.4x10!!
BR(Z — ) 1.2 x 107 [6] 6.5 x 1075 |4, 5] 1079 +t 9 %1010 B} 7 4% 1010
Lepton Flavor Violation (FLV)
|| Eoele : : | precision is ~2%
' LHCDb C J
ol e, 1 ! in SM, it can make
I M cePc : : i indirect constraint
1079 x -
i; B 10xTera-2 1 : on B anomaly !
i
s | i I EETET ;
I I I I I _ Sensitvity (CEPC) i
i 1! - = e |
10-= 1] i1 B |
|B°—)K — Bs»¢tt T BT I IBC—HV B~ Jlyty B,—»Dstv Bs—>D v f‘\b—ﬁ\crv' IBS—>¢>VV | o 40
5§ 8 B N N B N 0 0 N B 0 0N B ------------------ﬂ .- i
20
Lepton Flavor Lepton Flavor .
. . . g 2201.07374 ,, | —
| 10~ ) 10 ~
Universality (B 2 s t1) Universality (B, 2 1v) ’ sy L



1: Exotics of Higgs, W, Z, top
Higgs exotic decay (SUSY,
LLP, DS, invisible)

Light higgs
Z exotic decay
Top exotic decay

2: Dark Matter & Dark Sector

SUSY DM

Higgs portal DM
\ector boson portal DM
Fermion portal DM

3:LLP
At CEPC and FAR detector
H/Z decay
SUSY LLP
VLL, ALP, ...

CEPC: BSM Physics

10. Indirect searches from
SM precision measurements

Higgs factory

s =240 GeV

105 HZ events
10° WW->H events

4: SUSY 5: Flavor portal NP
Light EWKinos * CLFV processes
Light sleptons  Decays of b and ¢
Heavy selectrons hadrons

9: Global fits
Global fit of SUSY
2HDM global fit
SMEFT global fit

8: More exotics
Axion-like particles
Lepton form factors
Emergent Hadron Mass
Exotic lepton mass

7: Neutrino
Heavy neutrinos
Active-sterile neutrino
Non-standard v interactions

6: EWPT & GW
* Probe nature EWPT
* Higgs precision
* Higgs exotic decay

2205.08553



https://arxiv.org/abs/2205.08553

7, Higgs: Dark Matter Portal

Higgs-portal DM sencard| AN O h = X0 Xim

Ko 10—43 | - ‘ ‘ S & F A T 7 — XENON1T
= “eennll \. |LHC BR(h—inv) < 24% (3.5%) 8, C { e
o ".......~ CEPC BR(h—)InV) <0.31% = 10_44 E 3 PR?:.:T?20163121303
c 10_44 ..h.,..... B E : _In:nlclﬁa(zmﬂomoa
o 5 3] L 4z e .
S e R, ¥ | = omide e i
S 1 O_45 L Sca/ar .... SNa, I = 2 3 DARWIN-200 (proj.)
b g DM) [/ ..... 7 & C - JCAP 11 (2016) 017
= Vay ‘ . N B ] - 1 =HL-LHC, BR<2.6
ww L ammm= & ..... adk 46| _ Higgs PPG, arXiv:1805.03764
2} _46 ------ 10 E 3 01 , arXiv:1905.
o 10 - —— E 3 S=HL-LHC+LHeC, BR<2.3
5 - - 1 — cerc, Foce, o ILC,_ BR<0.3%
[ —47 - ] Higgs PPG, arXiv:1905.03764
c -47 f\_—\;\g | 1077 g 3 FCC-eeleh/hh, BR<0.025
8 1 O = El 7 Higgs PPG, arXiv:1805.03764
§ 108 == - 10 T
[ = CEPC = B ANl - -
DE_ 1 0_49 - \ 200 txyr RSTon - 10_49 DarkSide-Argo (proj.) —_
= 3 S e = S
= - CDR 5.6 ab-1  Coherent Neutrino Scattering - Higgs Portal model CDR 5.6 ab';
_ | — Direct searches, Majorana DM
w 10—50 ! e ! T 10™°° = Coliider limits at 95% CL, direct detection limits at 90% CL E a
1 S 10 20 3040 60 1 10 102 10° European S(rateg)
WIMP mass [GeV] m, [GeV]

=» CEPC has significantly better detection sensitivity for DM than HL-LHC

=» Complementary to direct DM search experiments for mass below 10 GeV
18
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Higgs: EW Phase Transition

= CEPC can study EWPT via hZZ coupling measurement which may help
to understand the matter-antimatter asymmetry, its detection sensitivity
is about one order of magnitude better than that of the HL-LHC.

standard Model prediction SM + new physics allows
= .=.::I |;I.

b

§"* ge:u

.;‘H!‘ .gﬂﬂ

g o

Een g""

‘Ew E"

increasing time increasing time
SM expects Higgs New Physics
potential has Quantum tunneling

smooth crossover First order

phase transition

hZZ coupling: |ghzz/Grwy — 1|

o
—
o
o

o
o
—
=)

O
o
S
—_—

107~

Real Scalar Singlet Model

CDR 5.6 ab-1
current
HL-LHC
A CEPC
By Orange: first order PT
T i Blue: strong first order PT
‘.(3) % Red: strong first order PT+ GW
0.5 1.0 1.5 2.0 2:5

"hhh coupling: Ag/Assm
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CEPC Accelerator Design and Layout

B 100 km double ring design (30 MW SR, upgradable to 50MW, ttbar)
B Switchable operation for H, Z, W and top modes (bypass scheme)
B Shared tunnel: compatible design for booster, CEPC and SppC

Cost optlmlzatlon lcost (H+Z+TOP) ___souw snggrz ,

3
2
= 1600
£
o
o
= 1400
Q
o
8
~
N
S~
II
2 1000
o
o
3 800
o
S
600
400

JINST 17 P10018 (2022)

1200 4

3-in-1 tunnel

TUNNEL CROSS SECTION OF THE ARC AREA

4IP_30MW_2M higgs +1T Z

®— 30MW_2M higgs+1T Z

®  30MW_1M higgs+1TZ

—e— 4IP_30MW_2M higgs+1T Z+1M top
—&— 30MW_2M higgs+1T Z+1M top
#— 30MW_1M higgs+1T Z+1M top
-e— 50MW_1M higgs+1T Z+1M top(S0MW) g

(] 8 -
60 80 100 120 140 160 180 200 220

Circumference (km)

H/W/Z/tt switchable bypass scheme

Inner Ring

A
?-’
n
|

650 MHz S-cell cavities Bl 650 MHz 2-cel cavities [Z] 650 MHz 1-cell cavities

arXiv:2312.14363 20



CEPC Accelerator Parameters

Higgs | Z | W tf

Number of IPs 2
Circumference (km) 1000
SR power per beam (MW) C 30 )
Half crossing angle at IP (mrad) 16.5
Bending radius (km) 10.7
Energy (GeV) 120 45.5 80 180
Energy loss per turn (GeV) 1.8 0.037 0.357 9.1
Damping time z/7/z, (Ms) 44 .6/44.6/22.3 816/816/408 150/150/75 13.2/13.2/6.6
Piwinski angle 4.88 24.23 5.98 1.23
Bunch number 268 11934 1297 35

. 591 23 4524
Bunch spacing (ns) (53% gap) (18% qap) 257 (53% gap)
Bunch population (10'") 1.3 1.4 1.35 2.0
Beam current (mA) 16.7 803.5 84 .1 3.3
Phase advance of arc FODO (°) 90 60 60 90
Momentum compaction (10-°) 0.71 1.43 1.43 0.71
Beta functions at IP 8,74, (m/mm) 0.3/1 0.13/0.9 0.21/1 1.04/2.7
Emittance g/g, (nm/pm) 0.64/1.3 0.27/1.4 0.8711.7 1.4/4.7
Betatron tune n,/n, 445/445 317/317 317/317 445/445
Beam size at IP s, /s, (um/nm) 14/36 6/35 13/42 39/113
Bunch length (natural/total) (mm) 2.3/14.1 2.0/8.7 2.5/4.9 2.2/2.9
Energy spread (natural/total) (%) 0.10/0.17 0.04/0.13 0.07/0.14 0.15/0.20
Energy acceptance (DA/RF) (%) 1.6/2.2 1.0/1.7 1.2/2.5 2.0/2.6
Beam-beam parameters x, /x, 0.015/0.11 0.004/0.127 0.012/0.113 0.071/0.1
RF voltage (GV) 2.2 0.12 0.7 10
RF frequency (MHZz) 650
Longitudinal tune n. 0.049 0.035 0.062 0.078
Beam lifetime (Bhabha/beamstrahlung) (min) 39/40 82/2800 60/700 81/23
Beam lifetime (min) 20 80 99 18
Hourglass Factor 0.9 _ 0.97 0.9 0.89
Luminosity per IP (1034 cm2 s') C_ 50 115 16 0.5

e
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7l Magnet R&D =
~3 « Mechanical & alignment ﬁ

e — . Klystron Test iz

L e

i

|+ SRFtest hall T llr
« Vacuum assembly & coating : ‘"NI ,_?,

= -—-
'lh’l:u“

T n'| -

f ,

s

= B Cryogenic System

g __J WY .EEE R

Accelerator key technology R&D platform was established:

» SRF cavity and module » High efficiency Klystron
» High precision magnet » Mechanics and alignment
» Vacuum assembly & coating > Beam test facility

06/17/2024



RCe? ) CEPC R&D: High Q SRF Cavities

» 1.3 GHz 9-cell SRF cavity for booster: Q,=3.4E10 @ 26.5 MV/m
» 650 MHz 2-cell SRF cavity for collider ring: Q,=6.0E10 @ 22.0 MV/m
» 650 MHz 1- ceII SRF cavity for collider ring: Q, = 6.0E10 @ 31.0 MV/m

6E10 LoEeL Vertlcal test of 650 MHz 2-cell cavity Vertical test of 650MHz 1-cell Cavity
e 000 0““ ““Jﬂ % . . . . T T T T
5E10;~ . : : = .. 10" m.‘““““‘
P R Q uItlpactlng AA \ A M“
Ew0f *L v, '.ﬁ a8 AELs « |2 e CEPCspecfor & A Aaa 2s
SEsEERsR! : a " e verthaltest ‘7’ ALk, A,
C,o :: | CEPC spec
3E10F = . ok &
5 imues v SRF cavities exceed CEPC specifications
E LCLS-II-HE spec o NiTmiaT
2E10F » ¥ 8 g pe, % e 6504: @ Mid-T baking, ® Cold EP
E v SEIEIER ;Q g Py 65055: A Mid-T baking, A Cold EP
E SR Iy e % CEPC spec
AELD _ Note: stainless steel flange loss corrected EXFE*L' spec ? >; A: *'ILC spe At ZK 20 K
5] ] ST B R S B B B uArl B | ‘ 109 i | | | | | ] |
o 5 10 15 20 25 30 35 40 1009 ‘ ‘ 0o 5 10 15 20 25 30 3% 40 45
E... (MV/m) 000 500 1000 1500 2000 2500  30.00 E... (MV/m)
Eacc (MV/m)
Medium-temperature (Mid-T) annealing N-infusion adopted to reach Cold-EP and Mid-T baking

adopted to reach Q, = 3.4E10 @ 26.5 MV/m Q,=6.0E10 @ 22.0 MV/m Q,=6.0E10 @ 31 MV/m 43
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CEPC R&D: 8 x 9-cell High Q Cryomodule

CEPC Booster 1.3 GHz SRF R&D and industrialization

In synergy with CW FEL projects

Horizontal test| CEPC Booster LCLS-II, SHINE LCLS-1I-HE
Parameters :
results Higgs Spec Spec Spec
Average usable CW E__. (MV/m) 23.1 3.0x101°@ 2.7x101°@ 2.7x101° @
Average Q, @ 21.8 MV/m 3.4x1010 21.8 MV/m 16 MV/m 20.8 MV/m
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CEPC R&D: High Efficiency Klystrons

The 15t Klystron prototype, achieved efficiency ~ 62%
The 2"d Klystron prototype was tested in Feb. 2024, achieved efficiency ~ 77.2%
The 3 Klystron prototype (MBK) with manufacture underway, design efficiency is ~ 80.5%

700

600 -

500 -

400 -

High efficiency Klystron helps to reduce electricity consumption

CEPC at 800 RMB/MWh and 6000 hours/year

Save Money

130M RMB

90 M RMB

\/

The 15t Klystron (tested)

Excessive electricity bill, M RMB

300 -

200 -

100

1 year

The 3rd multi-beam Klystron
(MBK) under fabrication

40%

45%

50%

65%

The 2" Klystron

55% 60% 70% 80% 85%

(tested)

- >
A

90%

95% 100%

Efficiency, %

%

-
(=]
T

Efficiency (%)
2
T

60
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el SPPC R&D: HTS SC Magnet

> 2023: SC dipole magnet, field reached 14T @ 4.2K
> 2024: aiming for 16T @ 4.2K (the world record)

10.2T 12.5T 14T
(2018) (2021) (2023)
Field Nb38n+HTS
(T) 2*¢30 aperture
15T @ 4.2K
20 Challenges: Fabrication
3 process, stress control,
NbTi+Nb;Sn quench protection
2*¢10 aperture
10T @ 4.2K
Challenges: Fabrication
process, stress control Nb,Sn+HTS or HTS
2*¢45 aperture
20T @ 4.2K
With 10 field quality
Challenges: Stress control,
10 quench protection, field

quality control

2018 2028 7 Completion of SC magnet (2023.8)



il CEPC R&D: Accelerator Key Technologies

v Specification Met

» Key technologies R&D span over all components listed in CDR.

v Prototype Manufactured

Accelerator Fraction

» About 10% remaining (eg. RF power source, control, alignment,
SC magnets, machine integration) to be completed by 2026.

v Magnets 27.3%

= = : v Vacuum 18.3%

i Aoy m“ 2 . “ v RF power source 9.1%
- “@‘i‘iﬁ{—@ e v ik " = v Mechanics 7.6%
v v Magnet power supplies 7.0%

v SC RF 7.1%

v Cryogenics 6.5%

v Linac and sources 5.5%

v Instrumentation 5.3%

v Control 2.4%

v Survey and alignment 2.4%

v Radiation protection 1.0%

v SC magnets 0.4%

v Damping ring 0.2%
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CEPC Accelerator EDR

CEPC Accelerator EDR tasks start with 35 WGs aiming for key issues.

CEPC Accelerator Main EDR Development: SRF

The collider Higgs mode for 30 MW SR power per beam will use 32 units of 11 m-long collider cryomodules will
contain six 650 MHz 2-cell cavities, and therefore, a full size 650 MHz cryomodule will be developed in EDR

CEPC Magnets’ Automatic Production Lines in EDR

To reduce the fabrication cost of the magnets of CEPC, automatic magnet
production lines will be demonstrated in EDR and used dur truction

Conceptual design type-II
(Collider ring magnet)

Jan.-Sept. 202
design.

Oct. 2024-Jun. 2025: Complete the small scale demonstration facility for booster iron
core fabrication.

-« the CEPC booster magnet automatic fabrication facility

&y CEPC Accelerator Main EDR Development: Klystrons

Parameters | Value
Frea: 5720 MHz

30MW

253 .
Klystron R&D

0 LS
+ ol

Kly

i “O“
Efficien \Ys i iate 100Hz
2022 Y Gain 54dB

70.5% @ 630kW P e“c Efficiency 47%

Pulsed RF Mode (30% duty factor, 60ms/5Hz)
High Voltage vs. Power&Efficency

oo 4 “\G\ 3dB bandwith +5MHz
o " I e‘ Beam voltage 420 kV
= “‘\g“ Beam current 403 A
):L Focusing field 0.28T

Pomeaww -

CEPC collider ring ©~ CiviHz klystron development in TDR phase C band 5720MHz 80MW Klystron

L S e
i S | . C band 5720MHz 80MW
i Klystron design progress

TIT T =

Beam Current = 390 A
Beam Voltage = 410 kV
Perveance = 1.49 uP

Massive Production Line of NEG Coating Vacuum Chambers in EDR

The coating device A: Vacuum chambers are connected in parallel to 6 groups, each groun of G
length should be lower than 3.5m, outer diameter is about 0.47m; “

The coating device B: Antechamber are connected in parallel to 4 grouns iy e
should be lower than 1.5m, due to its discharge difficulty. \“

e‘s Liil pipes

Two setups of NEG coating have been built for vacu

have been coated, which shows that NEG ! ( od“c{\o“ “amb

qac““m pranne

In EDR phase a dedicated CEPC p

W€
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CEPC Accelerator EDR

CEPC Alignment and Installation Plan in EDR Detector dummy coil development

» Alignment accuracy requirement Component | fesms /;;' 9
Component Ax (mm) [ Ay (mm) | A, (mrad) Pre-alignment /////\:\ =
Dipole 0.10 0.10 0.10 ‘ . 1 t
Arc Quadrupole 0.10 0.10 0.10 =
IR Quadrupole 0.10 0.10 0.10
Sextupole 0.10% 0.10% 0.10
1 1 b b: S d ali

>
Wall Control Point

@

Ground Control Point

GPS receiver Surface Control
Bedockpile 8 Embeddedboard  NEtWOrK =
INS (14Points) .

@ Perrpanent poin
e LA Backbone Control network * Tunnel Control network

(short line:300m; long line 600m) i1 (interval of 6 meters) o .
Leak detection before vacuum coil after vacuum epoxy

impregnation impregnation

CEPC MDI in EDR WS CEPC Tunnel Mockup for Installation in EDR

i
-

o™ ot
e O
] W\ac e
[1] SR Calculati GEPG\“‘G acme %cﬂm M:sfs",o:olli::gtat:::shielding —=

More a Il need to be done in EDR together with
detector group s+ound, Be pipe, RVC, integration, alignment, mechanics,...

2

60000

Collider ring magnets supports

A 60 m long tunnel mockup, including parts of arc section and part of RF section

To demonstrate the inside tunnel alignment and installation, especially for booster installation on the roof of the tunnel |
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¢  CEPC Detector Concepts & New Design

IDEA concept
(also proposed for FCC-ee)

(Baseline Design)
Magnet Particle Flow Approach 2T Magnet

(3T/2T) Yoke + Muon (RPC or n-RWELL)

Preshower (u-RWELL)

LumiCal

PFA HCAL Yoke + Muon (u-RWELL)

PFA ECAL Si Pixel Vertex

The 4t Concept

\ Solenoid Magnet

PFA HCAL
PFA ECAL

Si Pixel Vertex

SIT TPC SET
FTD ETD

FST concept
(Full Silicon Tracker)

Muon+Yoke

Si Tracker Si Vertex Tracker (TPC/DC)

with outer layer

30
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6 CEPC New Detector Design

Goal: with PFA calorimeters to improve boson
mass resolution (BMR) from 4% = 3%,

Solenoid Magnet

Calorimeter World-class New design
PFA ECAL ~ 15-20% / VE ~ 3% [ VE
PFA HCAL ~ 50-60% / VE ~ 40% [/ VE

Sonos iagnet
Pracon |

PFA ECAL

0.07 11— I(ZTM{I) (IE[—:-I\Q [ ‘ CEPC CDR “
E CEPC [ 1ZZ — vvqq (ud) Cleaned E 100} Muon+Yoke
0.06:— [ ]WW — uvqg (ud) Cleaned ] E i ST ier  SiVertex Tracker (TPCDC)
0 05: |:| ZH — vvgg Cleaned E s with outer layer
< OO ER — -
8 ooal E | > Silicon tracker with TPC / DC:
S 003t 1 g B to improve track reconstruction & PID
) Vo 4 (yER=03/E ; o
2 o {1 «wen | | » PFA ECAL with crystal:
Il ] o to improve %, y energy resolution
0.01F ] 8 . NPT
: 1 # » PFA HCAL with scintillating glass:
04 — . .
60 80 100 120 140 160 | to improve hadron energy resolution
m; (GeV) " B
0 80 M, [GeV]wo 120 3 1



Develop COFFEE for a CEPC tracker

Goal:“o(IF) =6 umfor: high' P-track using SMIC 55nm HV-CMOS process

2 layers / ladder  R;,~16 mm

o/

CDR design specifications
= Single point resolution ~ 3um
= Low material (0.15% X,/ layer)
= Low power (< 50 mW/cm?)
= Radiation hard (1 Mradl/year)

Silicon pixel sensor develops in 5 series:
JadePix, TaichuPix, CPV, Arcadia, COFFEE

&
&

Arcadia by ltalian groups

JadePix3 Pixel size ~16x9% Lim2 TaichuPix-3, FS 2.5x1.5cm2 ~ CPV4(SOI-3D),64x64array  for IDEA vertex detector o | * Noise | . ] oLt

L 25x25 um? pixel size ~2117 um?pixel size LFoundry 110 nm CMOS E o H H
r 4 ‘ o § 008 Al é Fl —

= 002 ‘i : “"‘ w@\ A @ 2|/
i L T y
ﬂnj_ | - e tl

5 0 70 0 e 500 500 % 5 10 3 20

Time (ns) Momentum (GeV/c)

Tower-Jazz 180nm CiS process
Resolution 5 microns, 33mW/cm?

CEPC Detector R&D: Silicon, TPC, DC Prototypes

Goal: 3o /K separation up to ~20 GeV/c. A DC between

2 outer layers

Cluster counting method, or dN/dx, measures the
number of primary ionization
Full silicon

Can be optimized specifically for PID: larger cell tackars

size, no stereo layers, different gas mixture.

Garfield++ for simulation, realistic electronics, peak
finding algorithm development.

IHEP and Italian INFN groups have close collaboration and regular meetings.
IHEP joined the TB (led by INFN group) in 2021 and 2022

Test beam @ DESY

. 2" testbeam: April 11-23 2023 DESY test beam in Germany (4-6 GeV electron)
- Vertex detector prototype testbeam

. 1sttestbeam: Dec 12-22 2022 DESY test beam in Germany (4-6 GeV electron)
. TaichuPix Beam Telescope testbeam

2022 DESY test 2023 DESY test

~ beam!

Baseline main tracker
o(r-¢) ~100 um

=

MOST 1 (IHEP+THU)

¢65n_¢Mp5A9ci

- |

N
"
&

GEM-MM cathode TPC Prototype + UV laser beams Low power FEE ASIC

Challenge: lon backflow (IBF) affects the resolution.
It can be corrected by a laser calibration at low
luminosity, but difficult at high luminosity Z-pole.

) i E=200V/iem , E =200V/em , VW_ = 400V ;:7 e

+ T2Kgas
= AICAH10(9515)

K (<IBF*Gain)

Excellent collaboration with DESY testbeam team

o. <100 um for drift lenath of 27cm
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ScW ECAL Prototype (32- Iayer 6720-ch)

Scintillator + SiPM AHCAL Prototype (40 Iayer 12960-ch)

CEPC Detector R&D: Calorimeter Prototypes

CEPC Calorlmeter Prototypes: beam test at CERN in 2022 & 2023

\  CEPC AHCAL

\
Y, Pion Beam
\

--- Target: 3%

== OGSPypr M- ﬂ.irwzm
— patan-: ¥ ezom

b ses-H2m”

May 17 - 31, 2023
——

PST9 beamline

SPS HE beamline

60 GeV electron (SPS)

60 GeV negative pion (SPS) 350 GeV negative pion (SPS)

Scintillator i
AHCAL =

JINST 15, P10009 (2020

JINST 17, P07017 (2022)

SDHCAL-GRPC (1.3 m?, IPNL) RPWELL ( 50x50cm?, WIS+IIT, Israel)

R&D Plan: 5-D SDHCAL (X, Y, Z, E, Time)
- MRPC + fast timina PETIROC ASIC (~40 ps)

Top steel plate
Electronics

MOST 1: RPC and MPGD (RWELL) R&D, MIP Eff > 95%

JTAG
UART

Ethernet

SJTU ZCU102
IPNL

1JCLab R DIF Card
OMEGA

CIEMAT

GRPC 1m x 1m (SJTU)
JINST 16, P12022 (2021)

RWELL 0.5m x Tm (USTC+IHEP)

128 pac ith the
col sze temx 1em |

12x12x12cm?

Beam particles

EM Module-1 Bl =M Module-2

!r. og \ -‘--'i-“
ITTTﬂITaET1T1FIll]ﬁﬁH

ﬂBGOCwmm




CEPC Reference Detector TDR

OE ﬂ_éj

Det Technology Det Technology

5 JadePix Crystal ECAL

£ [TaichuPix Stereo Crystal ECAL

% CPV(SQOI) _ |Scint+W ECAL

% Stitching é Si+W ECAL
Arcadia T Scint+Fe AHCAL
CEPCPix :«; ScintGlass AHCAL

=2 Isilicon Strip RPC SDHCAL

% ITPC MPGD SDHCAL

% Drift chamber DR Calorimeter

E PID drift chamber = |Scintillation Bar
LGAD ToF é RPC

'€ |SiTrk+Crystal ECAL L-Rwell

3 |SiTrk+SiW ECAL HTS /LTS Magnet

CEPC SW

MDI & Integration

TDAQ

» Large number of detector technology
options and R&D projects on-going,
they are not at similar level of maturity.

» Need to converge technology options
towards a CEPC reference detector TDR
s Start preparation in Jan. 2024
+» A draft version of TDR in Dec. 2024
s Official release of TDR in Jun. 2025

» Intl. detector collaborative efforts
s DRD collaboration (DRD1-8), more
than 130 colleagues from 11 Chinese
Institutes joined so far.
s HL-LHC detector R&D efforts help to
prepare teams for CEPC detectors.
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et CEPC International Collaboration

CEPC attracts significant International participation ] MRMﬂwonﬁsuoP I Hm@g "gm

» Both CDR and TDR have significant intl. contributions
» 20+ MoUs signed with Intl. institutions and universities
> Intl. collaborative efforts: DRD & HL-LHC detector R&D
» CEPC International Workshop since 2014

» Annual working month at HKUST-IAS since 2015

» EU-US versions of CEPC Workshop since 2018 HELS 1S st '
Hioh Enerav thqmm

February 12 - 16, 2023 L
Conference: February 14 — 16 2023

Aol
Lt SRl l‘- |




ceo Next CEPC Workshop

CEPC International Workshop at Hangzhou, Zhejiang U., Oct. 23-27, 2024
China announced 144-hour visa-free transit policy for 54 selected countries

International Workshop on The High Energy
Circular Electron Positron Collider

October 23 - 27, 2024, Hangzhou, China

The purpose of this international workshop is to convene a global community of
scientists to explore the physical potential of the Circular Electron Positron Collider
(CEPC). The event aims to foster international collaboration in optimizing accelerators
and detectors, as well as to intensify research and development (R&D) efforts in key
technologies. Additionally, the workshop will delve into the exploration of industrial
partnerships, focusing on the R&D of technologies and preparation for their
industrialization.

Scientific Program Committee

Sven Heinemeyet
Wenhui Huang
Hassan Jawahery
Eiji Kako

Imad Laktineh
Eugene Levichev

Yubuilt
Manqi Ruan
Xiaohu Sun
Kai Wang e
¢ |
L] }
Tl —

JielinGao Yaru Wu Hongjuan Xt
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Industrial Partners and Suppliers Worldwide

System
1 Magnet
2 | Power supplier
3 Vacuum
4 Mechanics
5 RF Power
6 SRF / RF
7 Cryogenics
8 | Instrumentation
9 Control
1o Sjrvesond
1) rorection
12| ee’'Sources

() NVTQ I * sak @ 57 n % Eowaros CBWAC
@ i

El‘! ey
——] ] ke

EMN\EDESHEHMAT

(CIPC, established in Nov. 2017)

CEPC Industrial Promotion Consortium

Potential international collaborating
suppliers and partners worldwide
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CEPC Planning and Development

» CAS is planning for the 15" 5-year plan for large science projects, and a steering
committee has been established, chaired by the president of CAS.

» High energy physics and nuclear physics is one of eight groups (fields).

» CEPCisranked No. 1, by every committee (2 domestic and 1 international).

» A final report was submitted to CAS for consideration, this process is within
CAS, and the following national selection process will be decisive.

92.7 £2.0

84.2+5.8
5

PandaX-xT CNUF BISOL JUNO STCF CDEX LCGS@SHINE

mmmm Domestic senior memsm HEP Division -~ === Nuclear Division IAC —@— Average
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CEPC Planning and Schedule

20129  2015.3 2018.11  2023.12  2025.6 2027  15% five year plan (2026-2030)

proposed Pre-CDR CDR Acc. TDR Det. TDR EDR Start of construction
—
CEPC EDR Phase: 2024-2027 e
5> CEPC Accelerator EDR starts with 35 _—
WGs in 2024, to be completed in 2027 e 15N FY  16M FY

Engineering Design Report (EDR)
R&D of a series of key technologies

Prepare for mass production of devices though CIPC

» CEPC Reference Detector TDR will be
released by June, 2025

> CEPC proposal will be submitted to the ~ NAtUre
Chlnese government for approval |n 2025 Explore content ¥  About the journal ¥  Publish with us v Subscribe

Accelerator

Civil engineering, campus construction

» Upon approval, establish at least two nature > news > article
international collaborations on experiments

NEWS | 17 June 2024 | Correction 18 June 2024
» CEPC construction starts during the 15%
five-year plan (2026-2030, e.g. 2027) China could start building world’s

» CEPC construction complete around biggest particle colliderin 2027
2035, at the end Of the 16th ﬁve'year plan The US$5 billion facility would be cheaper, bigger and faster to build than a similar one

proposed by European scientists.



Summary

» CEPC addresses many most pressing and critical science problems
In particle physics.

» Accelerator design and technology R&D are reaching maturity, TDR
completed, enters EDR phase, ready for construction in 3-5 years.

» Reference detector TDR under preparation, to be completed by the
mid-2025 for the proposal of China’s 151" 5-year plan.

» Contributions from international colleagues for both accelerator EDR
and reference detector TDR are warmly welcome.

» CEPC schedule will follow the 15t 5-year plan, call for international
collaborations and proposals once CEPC is approved.

» CEPC will offer the worldwide HEP community an early Higgs factory.
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2, High Energy Photon Source (HEPS)

To be completed in 2025, great training and preparation for CEPC = towards a green accelerator

ot .

- - 4 s e Experience at HEPS
D AR < T Bt sl ® Solar panel:10 MW 3 10% saving
| diii ‘ 7 4 B Permanent magnet: 5.6 GWh saving/year

B Hot water (13 MW @ 42 °C) for heating
s o | emma U T e

.

beam energy 6 GeV, 1.36 km
< 0.06nm-rad, 14 beam lines
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CEPC vs FCC-ee

Table 1: Luminosity per IP (10* cm2s7!)

Operation mode

H Z W tt
1LE+( 1.E+0
CEPC (TDR, 30 MW) 5 115 16 0.5
—4+—CEPC (30 MW) = ——CEPC (30 MW)
CEPC (TDR, 50 MW) 8.3 192 26.7 0.8 - —=CEPC (50 MW) | ~~CEPC (50 MW)
Tn LEH02 ~4—FCC-ee (50 MW, FS MTR) E ~4—FCC-ee (50 MW, FS MTR)
FCC-ee (FS MTR, 50 MW) =25.0 140 20 1.25 3 g
& 2
]
Table 2: Integrated Luminosity per Year per IP (ab '/yr/TP) Z 1 é
é 3 0 400
Operation mode 5 g
H z W tF LEsO! g 1eo
0 400 £
CEPC (TDR, 30 MW) 0.65 15 2.1 0.065
CEPC (TDR, 50 MW) 1.1 25 3.5 0.1 -E-01
Center of Mass Energy (GeV) Center of Mass Energy (GeV)
FCC-ee (FS MTR, 50 MW) 0.6 17 2.4 0.15

Table 3: Total Integrated Luminosity per Year (ab'/yr)

Operation mode

—+—CEPC (30 MW, 2 IPs) —+—CEPC (30 MW, 2 IPs)

H Z W tt % —CEPC (50 MW, 2 IPs) _E —CEPC (50 MW, 2 IPs)
CEPC (TDR. 30 MW‘ 2 IPS) 1_3 30 4_2 0_13 E‘ —4—FCC-ee (50 MW, FS-MTR, 4 IPs) g ~4—FCC-ee (50 MW, FS MTR, 4 IPs)
CEPC (TDR, 50 MW, 2 IPs) 2.2 50 6.9 0.2 E °
- §
FCC-ee (FS MTR, 50 MW, 4 IPs) 2.4 68 9.6 0.6 3 ; e 400 :z:
U
g ‘5
Table 4: Total Number of Events over the Machine Lifetime g §
g s
Operation mode 2 °
H Z W tt
Center of Mass Energy (GeV) ¢ 100 200 30 a0
CEPC (TDR, 30 MW) 26x10° | 25x 102 | 1.3x10° | 0.4 x 10° Center of Mass Energy (GeV)
CEPC (TDR, 50 MW) 4.3x%10% | 4.1%10% | 2.1 x10° | 0.6 x 10°
FCC-ee (FS MTR, 50 MW) 2 % 10° 5x10% | >1x10% | 2x10°
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cer CEPC Accelerator: Plasma Injector

CEPC Plasma Injector Scheme orver ::}-— = sncsane
e =k 7 ) e3
From 10 GeV = 30 GeV 2 TR >2 s @ et PIVER —
I———— " CEPC Plasma Injector V3.0 R T —
Simulation results show that it wWorks on paper e ey st s ™ s iy s o e e
. beam P
with reasonable error tolerances for both 10 GeV e stee
. - T = 8.0[1/w,]
electron & positron beams injected to booster
PRL 127, 174801 (2021) Mo
A7 N s\ __ _El_ 0 B\' -
< [ e B Phase | (YearO-Year2) o
. : - 1. Re-design and installtransport beamline and FF system,
FN \’<’\ ;! : optimize the e- / e+ beam quality
P 2. Clean room and high power laser syste
installation200TW
3. Beam instrumentatiog
4. RF Gun platfgus
5. Compes
Phase Il (
: ‘, ; 1. Up}
’ 2.5GeVe—/e+beamIme+PW-IeI high performance laser system 2. Tes

PWFA/LWFA TF based on BEPC-II Linac and HPL | ™" s dsfan aumping in e bunch compression
has founded by CAS, 120M RMB in Sept. 2023 2. Ponbased L etdes
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G CEPC Site Selection
. - -

Qinhuangdao
______ %, Ay A va
200 \ ,/»‘I' ———— — s \J-r\, — T e e
] s e e — ]J T I D — e 1 P 1 ' _—
gy “' —‘ i s s § * ® ] ‘ ‘
IP1 P2 IP3 P4 |
Huzhou

0 = R
¢ B ¢ B

IP4
Cha_ngsha

i
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]

Klystron Gallery ‘ Collider ring tunnel

- 3 sites documented
in accelerator TDR

- - 0 i -
75 _95A) of tunnel in Hizhoti Changsha
granite, low cost

( hEER R AWM AR RAT Q MEB 2 o A Wi R R R PR A )
POWERCHINA HUADONG ENGINEERING CORPORATION LIMITED POWERCHINA ZHONGNAN ENGINEERING CORPORATION LIMITED

TBM tunnel
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CEPC Concepts

CEPC Key Scientific Issues and Technologies Route

Design & Implementation ]

Detector [ Detector & Accelerator
i Particle Flow v Multi-purposed Acc.

New Physics High Precision . . v New concept Detector
1% v High Granularity v Cost, added values
~10 TeV ~470 v' Good Resolution v Spill-over
) v Reliable PID -
v' Dark Matter <« Higgs: 12%"031% < . g e
v Extended Higgs v EW:0(10%-10°) v' Management
v" Composite Higgs VS current v Collaboration
v' Supersymmetry v Flavor .
High Lumi.
—> ~1034-36¢m 251 Accelerator
Operation mode A 44 Higgs 4 IPS/ 100 km
Center-of-mass energy (GeV) 91 160 240 v Higgs: 20 abl <=—p
Operation time (year) 2 1 10 LN / 100 ab-1 v Switchable Operations
Instantaneous luminosity/IP (10**cm=2s~1) 115 16.0 5.0 - v W 6 ab?! v Upgradability
Integrated luminosity (ab~?, 2 IPs) 60 3.6 12 v Top: 1 ab? v qu‘ge P'iJN'.U'\Sl.(:L angle
Event yield (30 MW) 25%10'2 1.0x10° 2.5 x 10° with Crab-waist
Event yield (50 MW) 40x 102 1.6x10% 4.0x10° -
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&2l CEPC Team
CEPC Organization

Institution Board

 Institution Board: 32 institutes, top universities/institutes in China
* Management team: comprehensive management experience at construction projects
T of BEPCII/CSNS/HEPS, and international projects of BESIII/Daya Bay/JUNO/...

Advisory Committee

Steering Committee & g
e * Accelerator team: fully over all disciplines with rich experiences at BEPCII, HEPS...

" Gormives" _"_ " Commives™ Physics and Detector team: fully over all disciplines with rich experiences at BESII|,
—— = Daya Bay, JUNO, ATLAS, CMS, LHCb ...

v + v
- - m Table: 7:4: Team.of $ae CERCidetector System

International

Number | Sub-system | Conveners Institutions Team (senior staff)
Table 7.2: Team of Leading and core scientists of the CEPC Table 7.3: Team of the CEPC accelerator Sys[em 1 Pixel Vertex | Zhijun Liang, Qun Ouyang, | CCNU, IFAE. IHEP. NJU, ~ 40
Name Brief introduction Role in the CEPC team Detector Xiangming Sun , Wei Wei NWPU, SDU, Strasbourg, ...
Yifang Wang Academician of the CAS, direc- | The leader of CEPC., chair of the SC Number Sub-system Convener Team (senior Stﬂﬂ) 2 Silicon Harald Fox, Meng Wang, | IHEP, INFN, KIT, Lan- ~ 60
tor of IHEP
- ving : Tracker Hongbo Zhu caster, Oxford, Queen Mary,
Xinchou Lou Professor of IHEP Project manager, member of the SC 1 Accelerator phybl"b ChenghUI Yll. Yl.lﬂl"l Zhang 18 ¢ RAL. SDU. Tsineh B .)
9. = . Isinghua, bris-
Yuanning Gao Academician of the CAS, head | Chair of the IB, member of the SC ] Maﬂnets Wen Kil[l“ Fu‘s'l]ll Chel] 12 2
of physics school of PKU = et tol, Edinburgh, Livepool,
Jie Gao Professor of IHEP Convener of accelerator group, vice 3 C[‘yogenic syste]n Rui Ge, RUiXiOnC‘ Han 11 USTC, Warwick, Sheffield,
chair of the IB. member of the SC " ZJU. .
Haijun Yang Professor of SITU Deputy project manager, member of 4 SC RF i ‘II\ Ldn hai. Ptf ng . I 5 CC o o
17 ame erator + ~ etector statrs. curre
5 Beam Inbtrubmefitati ; : N .Y 1er
Jianbei Liu Professor of USTC Convener of detector group, mem- $ =7 U=l S

ber of the SC 6 SC m.m ets i f‘ BE PC B ESI I I l lk ~\ / r CcC / INFN, NIKHEF, THU ...
giig e rofess “onvener of theory g . membe: ~S 4 l!l - ) N ol M N
Hongjian He Professor of USTC Convener of theory group, member 7 i FQ g U‘[ E; 1 |D[ e IHEP ~ 10

Power suppI\

B M a n em e nt :;tea m Calorimetry oberto Ferrari, Jianbei Liu, | CALICE Collab., THEP, ~ 40
Shan it f ) p! I 8 ~ ’ ctracti i

Injection & extraction | Jinhui Chen

N b it Membmtie Sc once ( E P( a p p rOVeQp: wmin | mnsmose.

Mgni‘e d or 0 ! sc 9 Mechanical system Jianli Wange. Lan Dong 4 O Auon aolo Giacomelli, Liang Li, | FDU, IHEP. INFN, SITU ... ~20
Qing a I ” r “gc I e n I‘s" SS( Xiaolong Wang

Wei Lu ProM™®Sor of THU Member of the SC 10 Vacuum system Hﬂlyl DOHg- Yongsheng Ma 5

Fosio B e Brof P & &i 7 Physics Mangi Ruan, Yaquan Fang, | IHEP, FDU, SITU, ... ~ 80
oao Guimaraes da Costa rofessor of onvener of detector group 11 Control system Ge lei. Gane Li 6 . R

Jianchun Wang Professor of IHEP Convener of detector group R4 - Lang Liantao Wang, ~Mingshui

Yuhui Li Professor of IHEP Convener of accelerator group 12 Linac injector Jlngy1 Li. Jingru Zhang 13 Chen

Chenghui Yu Professor of IHEP Convener of accelerator group o i . 8 Software Shengseng Sun, Weidong | THEP, SDU, FDU, ... ~ 20
Jingyu Tang Professor of IHEP Convener of accelerator group 13 Rﬂdlﬂthl’l Pl'OteCtlon Zhongjlﬂ“ M.’l 3 L Xiiigtio Hishe

Xiaogang He Professor of SITU Convener of theory group . = =

Sum 117 Sum ~ 300
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CEPC International Committees

CEPC Organization

Institution Board
Steering Committee R g

—

Project Director L gl D

Internatipnal AdViSOry Commi_‘ttees International Accelerator Review Committee

Name
Tatsuya Nakada
Steinar Stapnes

Rohini Godbole

Michelangelo Mangano

Michael Davier
Lucie Linssen
Luciano Maiani
Joe Lykken

lan Shipsey
Hitoshi Murayama
Geoffrey Taylor
Eugene Levichev
David Gross

Brian Foster
Marcel Demarteau
Barry Barish

Maria Enrica Biagini
Yuan-Hann Chang
Akira Yamamoto
Hongwei Zhao
Andrew Cohen
Karl Jakobs

Beate Heinemann

Affiliation

EPFL

CERN

CHEP, Bangalore
CERN

LAL

CERN

U. Rome
Fermilab
Oxford/DESY
IPMU/UC Berkeley
U. Melbourne
BINP

UC Santa Barbara
Oxford

ORNL

Caltech

INFN Frascati
IPAS

KEK

Institute of Modern Physics, CAS
University of Science and Techbnology
University of Freiburg/CERN

DESY

Country
Japan
Norway
India
Switzerland
France
Holland
San Marino
u.s.

U.K.

Japan
Australia
Russia

u.s.

U.K

USA

USA

Italy
Taiwan, China
Japan
China

Hong Kong, China
Germany

Germany

Philip Bambade, LAL
Marica Enrica Biagini (Chair), INFN

Brian Foster, DESY/University of Hamburg & Oxford

University

In-Soo Ko, POSTTECH

Eugene Levichev, BINP
Katsunobu Oide, CERN & KEK
Anatolii Sidorin, JINR

Steinar Stapnes, CERN
Makoto Tobiyama, KEK
Zhentang Zhao, SINAP
Norihito Ohuchi, KEK

Carlo Pagani, INFN-Milano

International Detector R&D Review Commitiee

Jim Brau, USA, Oregon

Valter Bonvicini, Italy, Trieste
Ariella Cattai, CERN, CERN
Cristinel Diaconu, France, Marseille
Brian Foster, UK, Oxford

Liang Han, China, USTC

Dave Newbold, UK, RAL (chair)
Andreas Schopper, CERN, CERN
Abe Seiden, USA, UCSC

Laurent Serin, France, LAL

Steinar Stapnes, CERN, CERN
Roberto Tenchini, Italy, INFN

Ivan Villa Alvarez, Spain, Santader
Hitoshi Yamamoto, Japan, Tohoku

> |AC: global renowned scientists and top laboratory or project leaders who have ample
experience in project management, planning, and execution of strategies, operating since 2015
» IARC & IDRC: leading experts of this field, provide guide to the project director
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CEPC R&D: Calorimeters with PFA

Scintillation Glass HCAL
Energy resolution ~40%/E @ ~ 2%

Features:
» Large sampling ratio at low cost
Main issues for R&D

» high density, high light yield, radiation
hardness, production

AS-1
AS4 As5 [
Q Q a

Energy resolution ~3%/NE ® ~ 1% T ——

100000

International glass GAGG

Features: oo
» Good energy resolution |

» 3D shower info. with limited readout channel
» Shower separation <4 cm

Main issues for R&D |
» Jet reconstruction and PFA algorithm T

Density (g/cm?) 49

10000 |
[ BC418

Light yield (ph/MeV)

1000 |




Gl Glass Scintillator Studies

33 glem’

G 3208 phMev

529 ns

5.9 glem?

GSA 1154 phMev

323 ns

4.0 g/em®

GS4 | 1284 paMev

1764 ns GS1 Gd-AL-B-Si-Ce**

I
|
|
|
|
|
!-’!-——‘ 60 glem® I GS2 Gd-Ga-B-Ce¥
‘m GS3 oo pamev I GS3 Gd-Ba-ALB-Si-Ce™
A I GS5 Gd-Ga-Si-Ce™*
GC Gd-K-Y-Si-Ce*
I Density—6 gz:'cm3
| Light yield—1000 ph/MeV]
l Decay time—100 ns
'l

6.0 g/cms

GS?2 [s570 phnev

277 ns

6.0 g/em’®

GS1 o070 pavev

473 ns

0.0 0.5 1.0 1.5 2.0
Target parameter

1
B International glass GAGG
» The performance of the best glass sample: 6 g/cm3 & 1000 ph/MeV & 100 ns * G5 Grow R
. . . - . Typical scintillator A
> The GS collab. led by IHEP, with 3 Institutes of CAS, 5 Universities, 3 Factories. =
3 — wm & 1 High I Pl TA E 10000 [ Gi)
5= : esearc ) A = < < S A A o = BC418 . A
” | PrOdGusCtion H .‘ Dﬂevs;opr::r‘“ - e AQ:’“JICCIL) () é-: ~ > Gem-g:TEdI-‘{EU 2. Georgia Tech Beo
/L Mass production W BRI = — @ 5.JLU u
‘ == [B@R0 i 'E} 4. Tohoku = m’- NRC H:aU
Opticaltest | & _siccis — ™ u BGRI. SIOM
So 1000 | Livurr S (P 8 RMUTT cavadf) rosu
‘ ResGesarch }{ LS e @ ,4, En 6. AFO:B:archInc. -
o Iradiationtest | () w3 8,5
» Simulation -~y 9. Le Verre Fluoré
Gs + SiPM Research |~ () L]
| HCAL Design H " e 100 f f f f f f f
: o , ‘ ANy 2 A : * Single Tile Test | w3 1 2 3 4 5 6 7 8
x WY N X N = +| Unclear Detection @ (a) &5 —— Density (g/cm3)
S ) 3 Application ‘ ‘ pee @

8: CNNC Beijing Unclear Instrument Factory
W LSO B RR AT R BT 2 )
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95% CL reach from SMEFT fit
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